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2 . S-li K t3 dj- h 'j T — ^COALi^WM. 

< o )!j-<?5SHNLlC o v^T li. ^ jA^lfat ib^^^'tJf ^ tl T *) . H:*:DNA 
"t — 9 ^^y ^<7)^_57^_XPDB RetrieverJ; ■T^-5'^5X#-t-5)C t ib'T # -5 <> C 7 t 
fcjVfr^f it'lf ffilc J; tltt\ SHNLli * t r ^ ^-^ff^S^ L (III7fcJ:Df|Ill . ^ 
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_hieic^-t J; 7 . -y ^ XD3 * li . K^OS-^ 2 ic ^ ^ ti ^ ^ ^ >y SHNL<7> t 

5 ; ^E^iJ ic fcv^T ti 1 6 3 - 1 7 4 S @ T 5 ) m\z . K^iJ 4 ic ^ ^ ti ^ ^n" ^ =f A ^ i 
*<?>SHNL<?^T 5 ^ i&ie^ij tcfc v^T a. 1 6 2 - 1 7 3 S@<^7' 5 J mizm.M't ^ o 
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I113ti. ^i'-y+^>-^' (Manihot esculenta) is ^ U ^< ^ u J ^ (Hevea brasiliensi 
s) i*<?>SHNL<50-r 5 J i^SC^iJ^T v -f>>>h Lfct^T*>^o MSHNL<50-r 5 m<^M 

^i*coSHNLT'li. ^ ^ -y SHNL<?)1 3 9SlcM^-t ST 5 ; ^)b*X^ t T S 

<S6 . 'J -y 7 7. D 3 • tal <^ 1- 5 ^ ¥ 1 -f tl T S „ L L ts: t>^ h . -f tl t a / 

^ t K a ^ - 7s- ^N'- 7 7- $ - ic L . ftHtfti^ft t *<?5SHNL^#<)6T . ^ 60 ja#«jh 
tJMm L T S „ 
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*^HHlciDV^T. >v XD3 ' J h\t. SHNLib*^ ^ - ^ ff^^^-t .5 ^ic ffe;^<?> SHNL 

2\z^.^ ^ ^ -y ^-^'Efei^t^^SHNL*^ T 5 ^ ^E^iJ <7) 1 6 3 - 1 7 4 S g ^Sfi^O 4 ic 
^ 7 ; ^ i*<?>SHNL<7) T ^ J mmn<^\ 6 2 - 1 7 3 S g 1- 5 ; ^lci^.ii "t S 

. vMift!i<^tti^E±3*<7>SHNLtciDV^THtilST 5 y ^[cffl^-tS^tiT^fcS» ft!i <7) tl i 
*<?>SHNLlc fctt >y XD3 ' (ryUmt. ^iOSHNL<^-r 5 ; i^ie^ij ^ ±1212^0 2 * 

/i: liBC^iJ S-^ A<7>-r ^ J mtin t-F7-f>>>hL. SC^iJ g-^ 2 ^ liSC^U S¥ 4 <^ 1 6 2 
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15-28SS<7>T5 ; i^lcM^-t ^^tsS. vMifl!l<7>ttt?**<7)SHNLlciDV^THtiieT 5 ) 
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i*<7>SHNL^Se^iJS-^ 4 lc^$ ti-S^N"^ =fA ; ^i*<?>SHNL<?>-r 5 ; ieSe^'J tc T . 32 

-36SS<^-F5 ^ ^icMi-t § ^Itsl. ifc-S vM±flil<?^1ti|^i*<?>SHNLlcfcv^TBuie7' 5 
icfflii-t^^ItslT^^o ftil <^+|i|^t±3*<?^SHN Lie felt § -y ^ XD3 • <?^figtt . ^<:?^SHNL 

-F 5 ^ ^le^ij ^ iieie^ij 2 ^ f:: tiffi^ij 4 -f 5 ; mw.n ^ -f ^ ^ > > > h l . 
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3 . ^ ^ S- 1 H n ^ > h 'j -F - -H 

2|s^HH ti . XI^.MS- 1 H a ^ - h 'i ;b 'j -F - -If </) -F 5 ) \z fcv^T . 'i -y a 

D3 • . -y ^ xAfc J: >■ - h 2 ^1 ic & -t -5, iJ'^ ^5: < i: t 1 o c/) "f 5 ; ^^eSt'^ LT 
# ti^ . M$S'l4)b*f^i]± L f-ac^MS-t K a ^ ^ h -F - -if ic rai" o 

[ 0 0 2 8] 
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^fi^'^S^il A-ttiti J: v^. ^ cry ^ n tsim>m%nm^^\t . TtJMM<7>^-yh ( #IJ ;c li\ Quic 
kChange XL Site-Directed Mutagenesis kit (STRATAGENE) . Tr an s f o rme r TM Site-Direc 
ted Mutagenesis Kit (CLONTECH) ^fflv^T#Mlctf73i: i)^T-§ 
[ 0 0 3 0 ] 

Tf#'bti§SI*v$'tt*^\ [B] D < ^nta^^aH L/i^M3ySHNL<^S$*v$'l4 tItIS LT# < L 
Tv^ c i: ^.mt*-t -5 = M#fl^lcv^;ctdr. 30^^f^<7>/]niia5!aillc J; o T3^'X^SHNL^@I*)$ 
tt**#Mi-^S^;b--|s]v$ttm. IB] 5^ > ^H-ill^lcilim^ tifc^l^MSHNLlcfclt ^MS)^ 
i:ti:ISLT^^'5r < i: t 1 °Ciil_h^v^c i:^m*i-So * . 3 0:5>^<?):/jnM3«aiIlc J: o T 3?: 

SHNLlcfctt§i^SI$i:tt:l5tTrc±#L/i3 rM^,^'l4/ifirffa'l4)b^~ 1 ^ f^i] ± L J 
i:^Ja-t^o IC X. If . 3 0:5>Pif1<7>^nfaMlIlC J; o TS^*7^-'l4;?}^-^M-t ^ 

I^.M S- 1 Y Ji 'J T - ic li-^mumt ttm. L T ^> < ^ 1 °C i-M ± M 3 

[ 0 0 3 1 ] 

*^HHlciD v^T a. -^(^SHNLt J -^-^-^ 'i -y ^ 7.03 ' ^fs^^T ^ J mt ft!l^<?>SHNL 

ft:-t^;^vS '^ti^„ ^^pc^HH tc v^T . -;^<?^SHNLt ; -^-t?^-. v -v ^ xd3 ' 
COT i J mtm:fJ<^SMl=E ) -^-co-^ V ^ |9 ^ - h im^<^'r 5 ; ^^^SfbL . 



< c/) a T 5 ; ^ S Pe6 <^ Wft 2 5 ^ > ^~ 7s h n - t T i: ® ;b n o Ltzt-^-^X . ^ 

J; 7 ^ 7- 5 ; mX'S^^ Z t f)^iff t L „ ^ <7) J: 7 ^ 7- 5 ; . ^ 'j >v 7sD3 ' ^i^X'^ 
tilt. le^iJS-^ 2 lc^$ ti^ 164-^166. ck Dfl68~173S@<?>7' 5 ;i&T3b-g)o 
[ 0 0 3 2 ] 

mm^xm^n^s-^ \iu^>--h ^^ ')t-^ c^ti^-ti. mnm^e fejcD^s) . as 

-5. VMJ 1 7 3S S <7) 'j > ^ n -f > m.i^ LT#'bti^S-tKa^>'^h ';^b';7'--H ( 

mm\^'\±t-'^'a-t ^umt^rci:-iJi\i^±.LrzmrLrzmmj\±mmxsy^ t t^iz. ^mnm 
izM-t ^m'\±^^-t ^fzdb. xm^^mxn\z^\^xi^n\z^mti:mmxs^^o 

[ 0 0 3 3 1 

4. 1 3(^MSHNL^ r:i - H -t S DNA 

m^^- \'-t^^ K > ic SC^ L 7 S 7- ^ ^ V - ^ ^1+ L . M 7- ^ ^ ^ - ^ ffl T X.^.M SH 
NL^:3- Ki-^DNA^UMi: LTPCR^tf Jxv^o gMi iff fl^ ^ ^ i| A ti . Tt5 Mix ^ -y h ( 
#J;tlJ. QuickChange XL Site-Directed Mutagenesis kit (STRATAGENE) . TransformerT 
M Site-Directed Mutagenesis Kit (CLONTECH) ^) ^ ffl T ic tf 7 3 i: h^XB -So 

[ 0 0 3 4 ] 
4 . 2 fflj^x. ^ 9 - 
i^v-^T . jfuieSC^^SHNL^ 13 - H -t § DNA^ 7' ^ 7. 5 H V<?>i>^</) 7 ^ - izjg^^ ( J¥ 

ic 1^1^ $ ti-f . 150 X. ti~ 7° ^ 7s 5 K DNA. 7 T - DNA# (f 'bii^. 
[ 0 0 3 5 1 

HUie^-^ X 5 KDNAi: LTli. ^«iMi*<7)7"^ X 5 K (#J;ilJ PBR 3 2 2, pBR 3 2 5, pUCl 
8, pUCin, pTrcHis, p B I u eB a cH i s # . ic ^ ^5: T / 7" u t - ^ - ^ ^-t § dET2 1 7 5^ 
LvO . t±3*c?> 7- ^ 7s 5 H (1^iJx.ti~pUBllO, pTP5 V) . # t±3 * </) 7' ^ 

X 3 K (#ijx.tf YEpl3, YEp24, YCp50, pYE52 #) ^j: 1 . v t - i^' MkhLXlt -r 

[ 0 0 3 6 1 

mm-< ^ 9 --^<T>ifmn<^m.es=f'<^n x\t. ^-t. mm^titzMk^m'^tiimmmmx 

^mx^. "7 9 -Mk(r)m'^tiU\Wm^W>^^tz\t-^ ^ ^ u--y r-^-f hlct¥ALT 
[ 0 0 3 7 ] 

'b*lTv^S'li,W«c7:>tc7>^fflv^S 3 i: *«T'# So ^iiV'u^-9-lZ'D\^Xlt. ^^-f^m 
> > h . 7. 7" ^ ^ >^ > ^- >^ r . # 'j A^t r . v - A,1$^Se^iJ ( SDSe^U ) 
[ 0 0 3 8 ] 

4 . 3 sc^msmi^M^^ (mwmmi^) 

SHNL^mif-i^fpffli-t S o 3 ZT'^Si i: LTtt. * ^ HH <^ DNA^ ^^T* t S <^ ^ T' tl If 
izm^^ ti-f . Mx.lt. >y >- oi t T • n 'j (Escherichia c o 1 i ) ^ tfO >v >- a: t t 



m. ^ X • 7Zy' ^ 7^ (Bacillus s u b t i 1 i s ) V (T) ^< ^ )i 7^m . >• ^ - K t x • y° 
^ y~ ( P s e u d oiTio n a s p u t i d a ) V ^ >- ^ — H ^ ;^ . 'j V tf ^ A • > •] a -t^ ( R h i z o b i u 
m meliloti) ^co ') ^/if^AWlcWf-SlfflM. ^fz-^ v - ^ >i i£ (Saccha 

romyces cervisiae) . ^^/^t'y:^^^-^:^'/!^-^ (Schizosaccharomyces. pombe) . 
j^-d^-r . 7. h -J 7. (Pi Chi a pas tor is) ^ <^ ftllC OSIfflfla . CHOllHfla^<?> 1^ t?IE 

[ 0 0 3 9 ] 

v^Tt ckv^o LTli. I^IJ ;i I? . :^ 'V ^ 3: t t • n >; (E s c h e r i c h i a coli)HMS174 

(DE3). K12. DHK Bt* V if* tl . «^ai:LTl±. f?iJ ;c ^ 7. • 7.' 7^ ^ 7. (B 

acillus subtilis)Ml 114. Idi-lW^^mi-fhri^. y' u ^ - 9 - t L X It . ±mmW<^ 
±ie?S±45TfimT§ ^ ^^T^niJiff icFR^^ ti-f . ^Jx.li\ trp7-at-5'-. lac 7° 
?i-yu^-9-. ?^y'u^-9-W^. :^l]ia^77'->^Mci±3*-t§-7°at 
- 5'-5b*^l-f "btl^o S^c. tac7°a ^- 5^ -^<7> J: ^ IC. 95 ic^tf aS^^ $ tlfc 7" a 

It. :^ 'I >- ^ u ^ ir y ^m\-^ ^:b'Si [Cohtn, S.N. et al. iProc Natl. Acad. Sci., USA 
, 69: 2110-2114 (1972)]^. :tU^'Hta.tNU-^a >a#**pl-f Z tij^X'^ 
[ 0 0 4 0 ] 

i: -t ^ a-ti . I^y ;c . +^ >y ^ a 5 -b 7. . -fe u >- V >v ^ a ^ -t 7. 

§ ^ t <?>T^lbtllJiff PI^^ tl-f . l5iJ;ilJ. gall -7°a 5^ g a 11 0 "7" a t - 5' - . t 
-h>'3>v^5'>^N°^'M7°nt— 5^-. MFal7"at-5'-. PH05 7'ut-5'-. PGK^'a 
'E-9-. GAP7"ut-^-. ADH7°at-57_^ AOX 1 7" a t - 5^ - ^ ^ # (-f § C i: ij^T* § 
-So g$ ^ -\ 7 ^ - (7) ip A ^ >S ti . *f IC ,^ ^ tl -f . X. tt\ :x U 7 h n # U - ^ 3 > 
vStBecker, D. M. et al. iMethods. Enzymol., 1 9 4 : 1 8 2 - 1 8 7 ( 1 9 9 0 )]. 7. 7 a: a 7' 7 7. 
hSLHinnen, A.et al. iProc. Natl. Acad. Sci., USA, 75: 1 9 2 9 - 1 9 3 3 ( 1 9 7 8 )]. mm 
') umUioh, H. : J. Bacteriol., 1 5 3 : 1 6 3 - 1 6 8 ( 1 9 8 3 ) 1 ^^#i-f^ 3 i: i)^T- § ^ o 
[ 0 0 4 1 ] 

4 . 4 r^nmmi^cryt^^ 

[ 0 0 4 2 ] 

5^ -^fflv^/i^m-< ^ 9 -xr^wmmLtzm^'^-^i^^-t ^m^it. a v ^-n 

-^-^iriS=>'^V\^=>)iyY ( iPTG) trp7°n 9 -~^Wi\^fz^^-< ^ 5^ -T'ff^ 

MlSm L fciS!S(^i^^tg«-t^Jt^li. ^> H-^u-r ^ ^) >vm. (lAA) ^^irgttlc i^^n L T 

[ 0 0 4 3 ] 

/clilfflfla^5fe5^-t^o ^WtWi<^ 9 y ^'Kf>^mW^%fz\tmWfV\z9T'S-^fi^%^ 

[ 0 0 4 4 ] 



9 ^ n<^^m • nmicii. mx.itm.'^iicm. sds-page. Y^i^m. 

^ a- i± T ffl tl ck 
[ 0 0 4 5 ] 

^ VM± h > ^ a-t^ /xJto?alc|^.g|^^-^^n L . ^/^i- ^ 7t^a'l4>- -F ; t: K 'J > ^ tii 
i" S C i: IC J: ^ fi||^,-t ^ C i: § S o Tt'f^;^ '14 >■ 7- ; t H > ^ £1 IS . #IJ ;c . ii X 

[ 0 0 4 6 ] 

[ 0 0 4 7 ] 

*^BH<?^3C^^SHNL</)M3tvS LT ti. ^0 x. tt\ iff ^ ¥ 1 0-3 7 3 2 4 6 -^ . iff ^¥ 1 0 -3 7 3 2 4 8 
^f Il|¥ll- 3 6 7 2 5 1 -^^#%lci-^ 3 i: -So 
[ 0 0 4 8] 

5 . et^MS-i^ K a h V T^-'tf tc J; ^ Tt^^^vl^tt >- ; t H ><?>-^fi^ 

:^%B^c;^3C^MSHNLti. Wtatt. IT ti>§^ifirrtt vMc t ib- -f . X.^^ SHNL i: 1b] 
#<?^4Ljg J; ^7t'¥^l*&)^T7\:'¥^>$'l4>- t ; t K >^ ^/3!^T§ ^ Bg <:7> 3c M S H 

„ X^fl54£^Xglcfcv^T . ec^^SHNLi: LT tiHI/^fbSia^fflv^T t J: ( f J x. a\ ^f 

2 0 0 2 - 1 7 6 9 74 -^#8^) » ^ B^ cT) SHNL^ >■ T ^ t K V > c;^ ^il =5r ^ Ij!^ ^ vS 

^:LTli. #iJ;ilJ. iff ^ 2 0 0 2 -3 5 5 0 8 5 "^ . iff ^ 2 0 0 2 - 1 7 6 9 7 4"^ . iff ^ 2 0 0 1 -3 6 3 8 4 0"^ . iffli2 

0 0 1 - 3 4 6 5 9 6 -^. iff H 2 0 0 1 - 1 9 0 2 7 5 "^ . iff ^ 2 0 0 0 - 2 4 5 2 8 6 . iff ^ 2 0 0 1 - 1 2 0 2 8 9 "^ . iff^ 2 0 0 0 - 2 1 
7 5 9 0 -^^tcie« ^ ti/Zi^'jvS^^l-f ^ C i: 

[^mi5iJ] 
[ 0 0 4 9 ] 

i-MT. ^]5tel5iJ^fflv^T:^^B;^lcov^T Jc l^lffllcmB/^i-^ ^^Wi\t ^tih (r^m,1lkm 

^StefJ 1 : ec^^*Actmt-001 f2-SHNL<?)ilf tH 
[ 0 0 5 0 ] 

1 . '^MipA 

^ -V -v ^ M M a n i h 0 1 e s c u I e n t a ) i * <7) S- 1; K a ^ >- h 'j ^l- 'j — -tf ( 0 r i g i n a 1 SH 
NL) itf^T (K^US-^ 1 : ^f 0 2 0 0 2 - 3 6 5 6 7 5 ) ^ Sap A ti Ge n eMo r p h^M pcR Mutagenes 

1 s Ki t (STRATACENEaW) ^fflv^Ttf o /i, L T . pKK 2 2 3 - 3 ( T v ^ A • ^< ^ 

^ ^-jLiy xaiSl) <7>-7;u^^n-z^>r^t-f Mc Original SHNL)!?*ffl ^ ^ pKK2 2 

3-3/Original SHNL 7° 7 x $ H 6 0 Ong ^fflv^. Tlfico "j =f DNA^ 7° ^ v - t L T . PCR 

Forward primer: 5 ' -GGG GAA TTC ATG GTT ACT GCA CAC TTC GTT CTG ATT CAC-3 ' (IS 
^iJS^ 9 ) 

Reverse primer: 5 ' -GGG AAG CTT TTA AGC GTA TGC ATC AGC AAC TTC TTC CAG-3 ' ( 
^IJS^ 1 0 ) 
[ 0 0 5 1 ] 

2 . ff^HKm 



m^nrz?cRmfi^ {smi uutints)^mmmmEcoK k Hind iii (TOYOBoaw) ^m^^^x 
mitL . mc < mmmmicoK i. Hind w wz ^ ^ ^ ^ ^ ^ - - > ^ h tj^m it^nx 

\-^^-< ^ 5'-pKK223-3^:^ -i Y-iy a>^ffofco ^ -fr-^ 3>lciiLigaFastTMRapid 
DNA Li g a t i on Sy s t era (P r orae g a?±»i) ^ ffl <> ^ r - ^ 3 > Jx Jt^'Jft ^ =i > -t^ > h >b ^i, 
DH5a (TOYOBOaW) iCff^H^J^L. it ^<?> DH5 « /p KK 2 2 3 -3/SHNL-Ac tra t ^ # » 
[ 0 0 5 2 ] 

«^^DH5a /pKK 2 2 3 -3/SHNL-Actmt^MMWTtgft L . ^ ti ti liiiL-f IX O . 

A>N*>y7T - (pH 5.5 ) 2 0 0 At LT'Si^s® L fc^. m.^'Mu^^mx-mu'^m.^^ tz. m 

flafi^^^^ 1 5 0 0 0 rpm. Sin i n^T) * ft^Til/llN^gl L . Iffl 336^^^^% # c Z <7ymUW.^W.'k H 
'C. 2h^^frT^DiaL. ^nUa^lc ^ ti^"ti<^*H3aa^5^)ix</)SHNL7$'l4^iiJ^ L fco SHNL^I^tt 
It. /X It; S IS 2 0 °C T ^ > a - h 'i ^^ SHN L IC Jc § W IC J: o T ^ C § -F ^ t K 

|i Eff fig ilo ^ c7) ^ M S tti L /c o T- 1 H <7)liifuHf Pig^fc <^^t£l3^Sti 

. il^:^ 2 4 9. 6 nmlc*Dtt § D^T^lS^iiJ^-t ^ C i: (ftitMfl^PlfM ^^ycmsii$.m) ic J= o 

[ 0 0 5 3 ] 

ZcDm^. ^finia^^ji^'H^* LTv^f-DH5« /pKK 2 2 3 - 3/SHNL-Actmt00 1 f 2^lfWMt* i: L T 

jiJfeLf-o iiffi $ tifct*^ :3 a ^-PCR L . m^firzfam^^mm t Lx >■ - y 7.jxm 

^tf o jxltv^<7)»ffi^lS^ Jc ^) . DH5a/pKK 2 2 3 - 3/SHNL-Actnit001 [2ttK^iJS^ 1 \z9r.^ 

~t ^ Z t ij^mtl^^ fifzo Lfzij^^X. SHNL-Actiiit001f2liOriginal SHNL<7) t 5 ; i^SC^iJ ( 

^IJS-^ 6 ) ^ eSC^MSHNLT-as-S C i: ti/co liiT. C eSC^M SHNL ( 1 6 5 G 1 y 

^Asp) ^Actmt-001 f2-SHNLi: nf i;, 
[ 0 0 5 4 ] 

/^ic. SHNL-ActratOOl f23l€;T^ ^ > ^'H^^3a--< ^ -DET21 (NovagenftM) ^iP 
ALfco pKK 2 2 3 -3/SHNL-Actmt001i27' ^ 7s 5 H ^liM L . zfi^mmtLX. Tm^^'^ 
-7- t DNA/^^ ') > ^ --tfKODplus (TOYOBO?±M) ^ ffl T PCR^ 7 3 i: T* . mm<D'^^tQ 

iznm^rix\.'^^mmmM^ ^ hicoi i. Hind iii^i^t. nt^") izmmmM^ ^ hme 

k BaraH i^f^^n L fz. 

Forward primer: 5 ' -GGG GGG GGG CAT ATG GTT ACT GCA CAC TTC GTT CTG ATT CAC AC-3 

' (mmm^ i i ) 

Reverse primer: 5 ' -GGG GGA TCC TTA AGC GTA TGC ATC AGC AAC TTC TTG CAG-3 ' (K 
^IJS-^ 1 2 ) 
[ 0 0 5 5 ] 

m^firzHm^^mmmM^ii l (New England Bio Labs?±i!l) . BamH I (TOYOBO?±W 

) ^m^-'xmitL . m c < mmmm^ie i. BamH wz ^ *^ 'i =f ^ u - y ^ ^ ^ h 

ft:^ tiT -g, ^ ^ - pET2 1 a ( NovagenaM) t ^ Y - y 3 y ^ 'ir -y fz ^ ^AY-y^ 
> ic SLigaFastTMRapid DNA Ligation Sys tern (Promeg attM) v-^ /io ^ ^ Y—y ^yK 
Jl^m^k^y \^^y V ^>vlU\-^U (NovagenttM) icff^MKJ^ L . 16 5S @ ^ot 5 )mii^k% 
plcgm ^ tifcSHNL<?>%m^-^BL21 (DE3) /pET2 1 a/SHNL-Ac tmt 0 0 1 f 2^ # /co 
[ 0 0 5 6 ] 

%W\2 : SHNL-ActratOOl f 2^M$^'I4IIM 

1 . %m.^'<k 
1 ) m-Wym.<^mm 

1 Tf1: ML rc^)ii®BL21(DE3)/pET 2 la/Original SHNL. BL21 (DE3) /pET2 1 a/SHNL- 
A c t m 1 0 0 n 2 ^ L B tt 5 ra L ^ ffl V ^ T 3 7 °C TM 2 h i:§ ft L f:: o # tl ft >ix 1 0 0 m L ^ T sfi ic ^ i" 
NS-2i:gtl!l5mLlcfiifi L . I PTG^ ^^^n L T 2 Or . 6 OhT'irgft^ft o /i:. igftl^^T 
'Qn^^IL. Ifflfla^lHlxR L /co Zcolfflfla^O. 2M^' ::c>i^Na bu f f e r (pH5. 5) tc i^® L . 



ic J; ^ IfflUa^E^C^ L fzo Z<r)m^'}^m^m't^^mi . _h-if^[Eli|XL original SHNL. Actmt-0 
0l\2-iMmm'iii^mrzo mmmltO\\i\r\^\ SHNL*nl^'l±fi7 4U/niL. 9 > ^< ^ nm&L 2h\\^ 
/niK Actiiit-001 f2-SHNL*»>$ttft69U/inL. 5^ > ^ H-il^5. 96mg/iiilT-^ o fco 
[ 0 0 5 7 ] 

im 1 ] 



m-2mmm^ (phg) 3 



uiycciOi 


>1 flfT 

4Ug 


(NH^) 2SO4 


lOg 


KH2PO4 


2g 


K2HPO4 


6g 


Yeast Ext 


40g 


MgS04 


Ig 




20 ?i 



±IH^:!]P^MMU/tm. :7^;i/^-ji^SL;^^T>t:>/U > lOOmg/L (^lim) > 
J^V^y 4 )V^-mmvrzL IPTG 238mg/L (J^M^) ^^SpT^o 

[ 0 0 5 8 ] 

2 ) S$^i&(7>/]ntA3?aiI 

Original SHNLs Ac tm t-0 0 1 f 2 0 0 m --^ > H ^^ 7 ^ ^ - ic A ti . t 

- h -/n >v ^ tc J: ^jfei^fiijMS-^JOr i: 'SrS J: 7 ^nHftLfco 3 Ora i n^ ic ii/QN^^ L . -^t 

#IJ 1 ic le® L i: T- ^ ^ o 
[ 0 0 5 9 ] 

2 . ^S^ISm 

C<7>*S^. Original SHNLT ti S ^ 6 5 °C ic T vl§tt jb^^ilE^ L <?5 ic L . Actrat-00112 
-SHNLli9 0%l-::l_h<:O^Jl¥>l^'tt^^ t (Hll) o Actint-001f2-SHNLlcov^Tvlltt<?5#Mib* 

^hfirzcoitn'cttiSi'Z'. Original smi t itmLx m yc ^mm^\^ ±.t^ fitz. 
m-^m.m zh\z . naicwf -s^^tt^^i^i-t^ c i: i?*Bi^ t o /^o 

[ 0 0 6 0 ] 

MP^.'-^<^UMm^ y -y' ^SDS-PAGEtc J;: L fz m 2 ) . ^ y y° 'HtmM^^ ^ ^ i^M 

T v> ^ „ 

[ 0 0 6 1 ] 

m 2 iz^.-f ^ ^ . Original SHNL ic v^^ T ti . ^ntaSlt6 0'C J; l$*S ( HI 2 <^ ^ E^P 

^^^<y\^ #M) *^\mi[lcM^> L . 70r K t Tv-^ §o — Actnit- 

001 f 2-SHNLlcfcV'^T t . SI * M <7) ti ^ tl § . 7 0 °C ic T ^ @l * tt + L T 
v^^„ c <?>SDS-PAGE^o*S^a. S$*vl§tt<?>iiJ^,^S^ ( HI 1 ) i:-5CLTv^^„ 
[ 0 0 6 2 ] 

HI 3 tc^nMfc ^ y >i r^<r> 9 y ^ WMf^<^^it'^^'t . ^ycco-*f y Jix-ltt- x 

h X' ^ ±mM\z\k^-t ^ 9 y ^< ^ Wt)'^ < Mdb h fi^ ( EI 2 ^' HI 3 ) z^9y 

^< ^w^mmiz "9 ^'tt LT^i§fb-t -5 fzdb. mmum^ ±^ tmz^ y v 'i^p^^^^ ^ 

ti^o ^(T^Tz^. cl3<^ ^ >^x- ^H-i^l^tiOriginal SHNL i: Ac tmt-0 0 1 f 2-SHNL<?> 

titc o v^T t . /]ntaia®<?^±^tc tc i^il'^ L tz. 

[ 0 0 6 3 ] 



Actiiit-001 f 7 C ^T. m^L^^M^J: tcnWi'^lc J; ^ mM'^^'li.^ if^W L 

t ^^)liaictl3*i-^ 57>^x- ^M^I^ie-t-S C i: Lfzio'-oX. Ac tnit-0 0 1 f 2- 

[ 0 0 6 4 ] 

^mms : Actint-001f2-SHNLc7>6 0°C^ni^3({lIIlcfett-2.^S'l4. J: 2/ 5^ > >r ^ilj^^f[:c;> 

[ 0 0 6 5 ] 

1 . ^m:f5'{i 

1 ) ^*^S<?>iilM 

H^BL 21 (DE3)/p ET 21 a/Original SHNL. BL21 (DE 3) /pET2 1 a/SHNL-Ac tint 0 0 1 f 2^ LBtgit 
^ml^m v-^ T 3 7°C T 1 2htgfto m ^fiTzm^mlH ^j. NS-2J:g±l!l5niLlc ttfl L . I PTG^ >^^n 
LT20r. 6 0h-etg«^tf o ±g^^4T^^g«i^^ii'l:^5>m L . IE ^ 0 L „ Cc/) 
lffl3a^0.2M ^:x>^Na bu f f e r (pH5. 5) lc}gs® L . S# vl^ ic Iffl flS ^ 5^5^^ L » 
^v^^il'll^^il L . _hvt^lHli|XL Original SHNL. Ac tm t-0 0 1 f 2-SHNL^*^fe% # o 
;*<?>-ilSttOriginal SHNLi?*vl§'ttfftUU/mL 5^ > ^S'ilSZ. Olmg/raU Ac tmt-0 0 1 f 2-SHNLi)* 
vl^'l4M8 1U/mL 57 > ^'H^lJ^e. 6 5mg/inl T alb o 
[ 0 0 6 6 ] 

2 ) S$^M<^^niamiM 

Original SHNL. Ac tin t-0 0 1 1 2-SHNLSI * 2 0 0 m :^ >v K 7 ^ ^ - 7^ ic A tl . t 
- h -/a >v ic =): ^*-;Sfii)»6 0°C § J: 7 L /co 3 Omi n^ ic jl'll^^SI L . > 7' 

[ 0 0 6 7 ] 

2 . 

1 ) ntf'i^'li. 

Original SHNL Pi6 1 • 5hT>$'tt ;b^'^M L fz^ izpt L . Ac tin t-0 0 1 1 2-SHNL ^nfft^ 

mi.^iiX^n%^'i^'\it}'ni¥Lxv^rz (04) » 

[ 0 0 6 8 ] 

2 ) 9 :y ^< i^mm^it 

m^httrz^ y y 'i^ziii-?ka\z ^ mm i fz. sds-page<^is* ( m 5 ) t^^ . n (mm 

'S: L ) <7);t^«jTtt^)li® ici^-t ^ 9 >^ < ^ W t)' ^ < L X \ ^ i i}^ . ^nM^^o -4- > v° ;b 
Ttt. Original SHNL t Ac tmt-O 0 1 1 2-SHNL t . ^mMiz \k^-t ^ 9 y ^ Wt^^ y y° ^ 
iy^ h ^ tiXv^ ^ z h h^m hti-hti ^Tz. 
[ 0 0 6 9 ] 

^n^sf^ Ihlcfctt S Actrat-0 01f2-SHNL-^> -7° >i xip (7> 9 y ^Wmmit^. 2 5mg/inLT'*> *) 
. mm<^^i%^X^'MLX\^rz (^2) . -^'J. ^nM^^lhlcfclt^Actiiit-001f2-SHNL<^ 

nPf'i^'\^lt^0%\:-l±X3h fz. Lfzt'^X. Actint-001 t2-SHNLtt. f]V mMM iz ^ ^ mmi^ 
te^ff If L t t ^H® ic Efe*-t ^ 9 y ^< W^mi:X B ^ z t t^m 'h t^\z -y fz. Or ig 
inal SHNLlcov^Ttt. l\i\z ioi-f ^ 9 y ^< ^ Wmmt'L 2\m&/mlX 3h . ^S^^ 63% * TJg^ 
L =t ^ ^1 v$'|± li 6 0% S X U ^> L . 
[ 0 0 7 0 ] 



eorjPi^Miifc^stt-SS^'fi. ^^ZS^y/^s^mm. (mg/mL-sample) mt 





Original SHNL 


Actmt-001f2-SHNL 


Oh 


7.01 




6.65 




Ih 


4.21 


(61) 


4.25 


(83) 


2h 


3.37 


(35) 


4.14 


(73) 



[ 0 0 7 1 ] 

Idl.^"). Original SHNLtt. H'C (^mmm^X^ It 9 y^< ^ W t mz^'\± . ^ 

L T L ^ 7 fzdb. Z U ft I'll. (^Mm^Mlz J; -5 ^mnmitmmx^ 3h ^ Z t t't) -o fz 

'n"? fzdblzii. ij^^j: ^ coWm'^^'t ^ z tlz-^j: ^ o 
[ 0 0 7 2 ] 

mmm 4 : Actnit-0fll(2-SHNL<^1rtl-;g^Wtt 

^v^I1jI'I4;(j^-*^„ L T . Ac t ra t-0 0 1 i 2-SHNL li * ic xt -2. ^^'14 ^ f^i] ± L T 

^ Drftg'l4i?«*>So C <7>f-a6Actmt-001 f 2-SHNL<7>'fr^>g^iW'l4lc Mi- Sl^ft^tf o fzo 
[ 0 0 7 3 ] 

1 . ^M^vi 

1 ) mmm<^mm 

mmm 2 1 mm^^fj'fi'.xmmm^mmL fz. 7. h u y-^izn-t ^mm^m'\i.^w\^'t 

-5. . L ^ o T -4- > 7' ^ ^ tl ^'tl^^jflLvf T 5 > J; < -V 7 t - T' ^ f R L . 

^T<?>-^t > ^Vl^'ttm44. 19 (U/niL) . ttvl^'lifft 6 . 5 0 (U/mg) Tfii ;t . 5^ > S<7) 

mm^mm^<ij^^mm\^rzo 

[ 0 0 7 4 ] 

2 ) ^livg^S^IM 

'nf^'i^MtLX::^9J-)iis^Z/mm::^^'i^m\^. zn^mMmlz^^mtrzo J 

nttz. ^mmmizm^ii^^m^n^-^. im^k^y-y'itLxn^ninx*). vi^ttpj^^tf o 

fz. 

[ 0 0 7 5 ] 

2 . mm'i^m 

Actmt-00112-SHNLaOriginal SHNL i: tbl^ L T . :x 57 ; _ ;nc H L T [B]#</>frt'l4T^ 
^fzt^ ( H 6 A ) . mm:^^ 'ilzMLX ttlW'tt^^i- ^ C t io^m h i)^ t ^ fz (USB) 

o 

[ 0 0 7 6 ] 

mum 5 : Actmt-OOl f 2-SHNLlc J: S Tt^vlltt >- ; t K >; xdUts. 

kctmt-H[\2-SMl^ imixmizt^-t ^mmm^k . original SMltco 

ttmiz J: t^rt L /-Co 

[ 0 0 7 7 ] 

1 . mmnw. 
1 ) mmmmm 

BL21(DE3)/pET2 la/Original SHNLfc' J; ^BL21 (DE3) /pET2 1 a/SHNL-Ac tmt 0 0 1 f 2^ igft L . 



h 'i ^ A^^'-y 7 T- (pH5.5) 0 . 6 6 g ^ /]n ;c T L ^ . SS#fe*Eliafi^t*fiT 

HHflS^fi^ffi^Lfco Ifflflafi^^if^^ 1 5 0 0 0 rpm. 5ini n<7>*frT3l/i:^^il L . lfflflafi^i3^^R%#/io 

■j-V ^} ^ V -7 T - (pH5. 5) ^^Dx.. M#^7^tt^T^<?5 J: 7 icSux-fcc llML/i:^ 

^ifeO. 3ral^ >^ ^ r SOOffig i: L . HI ^ fb^ * ^ # o 
[ 0 0 7 8 ] 
[^3] 





jSt£M(U/mL) 


J:b;gt4(u/mg) 


Original SHNL 


250 


31.02 


Actmt-001f2-SHNL 


250 


27.16 



[ 0 0 7 9 ] 

2 ) mmrnm 

1. 61M<7>HCN^>§^^L/zt-7'^;u > ^;u:x-^;u 4 . 4 9 2raUcO. 2M > g^^t >y 7 r- (pH5. 

SSfbS^^SOOmg^ Atlf- 9nil<7) 7.^7 ^ _ ^ 1- -\i^^n L /c » 3 C (CO t t 
F 0. 5 0 8ral^>^^D L . * h a - ^ - TKtt § 3 i: ic ^ » ^ jx ^ L » IxJt^^ 

[ 0 0 8 0 ] 

2 . 

WHattil^ Actiiit-001 i2-SHNLtt. Original SHNL i: fe] D IxC^iS It T S- v > n h 'j 
^^rn^LTz. Z<f>^i^^h-h. Actnit-001 i2-SHNLtt7t'¥^v$'l4^ t ; t K > ^/S: ic T 0 r 
iginal SHNL i: [B]^<?)i6:;^^* L T ^ Z i: i?*HH i: ^ o /^lo jxft^^ Mi" - i: J: 

M% i: t fcjxlt^ 32 Sib^^ 4^ ici&T LT § jxltva2S<?>Mi^^^^vMi Ac trat-0 0 1 f 2- 
SHNL<^^ib*7fl^35?-T'^lS o /co (III8A)o 
[ 0 0 8 1 ] 

M < 'Sr o (m 8 B) <, z<r)WMh . iiinlta'l4S#a Ac tmt-0 0 1 f 2-SHNL ti . iiirf t^'H fi tt T ti 
[ 0 0 8 2 ] 

3 . B W 

Actmt-001f2-SHNLttOriginal SHNLi: fs] 7t^f;i&)$ T Tfr^V^'f* >■ 7 t K 'i > 

^^l3^T § -5 C h ;b^B|3 i: o ^ ic ^ ag L jxC^ ic T . 10%gS^W^5£:^ 

[ 0 0 8 3 ] 

HSfefJ 6 : BL21 (DE3) /pET2 1 a/SHNL-1 6 5G 1 u<?) fpM 

jflnf^'|4^^SHNL-Actint001f2li^c7>7' 5 ; i^Se^U 1 6 5S @ ib*i&'l4 t 5 ^^iOTX^A"^^ 

> ^ic g § ^ tl T V ^ o ^ Z T . 1 6 5S @ <7) T 5 ) . fa] C ^'14 t 5 7 ^ ^' 

^ 5 > mxmm L /iSHNL (^sse^ij : nmm^ i . -r ^ j i&ie^ij : ie^ijs¥ 8 ) co^m 

^^BL21 (DE3)/pET21a/SHNL-16 5Glu^ftM Lf::o 

[ 0 0 8 4 ] 
1 . ^mWK 

tlBjif. 165S@i0 7'5 J QuickChange XL Site-Directed Muta 

genesis Kit (STRATAGENE^tM) ^ ffl fco i: L T pET2 1 a/0 r i g i n a 1 SHNL7°^x5hM0 



Forward primer: 5 * -CGT GAA AAC CTG TTC ACC AAA TGC ACT GAT GAA GAA TAT GAA CTG 

GCA AAA ATG-3 * (SC^US-^ 1 3 ) 

Reverse primer: 5 ' -CAT TTT TGC CAG TTC ATA TTC TTC ATC ACT GCA TTT GGT GAA CAG 

GTT TTC ACG-3 ' (SC^US-^ 1 4 ) 
[ 0 0 8 5 1 

2 . mnmm 

m-^^km^m^-t ^ Z t Ti^*ge^iJ4H-4 9 5 Sg ^oGC^^AAlcaSC^ ^ tlXV^ ^t^^jgffi L tz 

o C cot* J: ^ -7' ^ 7. 5 H pET21a/SHNL-16 5Giu^ilM L . > t° ^ > h -b BL2 1-DE3 ( Nov a 
genSM) icff^HlEj^^ff . IGSSa^T^ ; i&**G 1 u ic $ ti SHNL^ ^^^-^BL 2 1 (DE 
3)/pET2 1 a/SHNL-l6 5Glu^f1^t!i L fz. 
[ 0 0 8 6 1 

if J; 7 ic i^Wi- ^ <7> ^ L . 
[ 0 0 8 7 1 

1 . mm^m 

1 is ^ Z/mUM 6 iz L rzt)^\^ . Qu i cicChange XL Site-Directed Mu t agenes i s kit 
(STRATAGENE) ^ ffl v> T 1 6 5G 1 y-^ <7)^Mi| ff . IiiT<?>^Mt*^ fFM L /zo 

i) DH5a /pKK 2 2 3 -3/ Ac tm 1 0 0 1 f 2-G 1 u (165-r 5 Jmh^^Ji 9 5>ietcg|^) 

ii) DH5a/pKK 2 2 3 -3/ Ac tmt 0 0 1 f 2-Ly s ( 1 6 5 7-5 J ') i^' :^ izUi^) 

iii) DH5a /pKK 2 2 3 - 3/ Ac tmt 0 0 1 f 2-Ar g (165T5 J mf^^'T 'i ^ -> iz mm) 

iv) DH5 a /pKK 2 2 3 - 3/ Ac tmt 0 0 1 f 2-A 1 a ( 165-f 5 ; ^ T ^ > ic gj^ ) 

7-' ^1. 9 ^ y m It T 7-^ ^ < ^ ^ I. m: t mti . ^'14 a ^ t# -7 T 5 ; ^lo § , . -r >i 

^ - y m\tum']&.X' ^ . T 7 - > ^j: r ^ > i: [B]tl45'l4T 5 ; ieT*>^ „ zti^mh 
. DH5a /pKK 2 2 3 -3/ Ac tmt 0 0 1 f 2-SHNL J: ^0 r i g i n a I SHNL^ ^ *5 -li: ^tf ffl T . 

%mm 2 h nm<7^:h'Axivimw.m^n ^ tz. 

[ 0 0 8 8 1 

2 . ^M^'S* 

^]5a#ij 2 tc L T^nfaMM^tf o rct^s*. ^ SHNL 4| A ^ ti T 5 ) mnm<D'^ 

M^avMcJc*). A§<3o<^ifirt fate ^ - > ^ L ( El 9 ) <. 

1) i^SttT'^ (Arg. Lys) ^c/)^^: 

3 0minT-vll'l4)!j*t5 Is^^tcv^Mo Original SHNL i: ttlS L T HH ilit M'tt T L fco 

2) (Ala) -\<50gJ^ : 

Original SHNL(165Gly. ^'\^) i: lB]ti<?>fflfS]T'iflrn^'ttib*{B:T L fco 

3 ) ^'14 T 5 ; ^ (Glu) -^<r)m\^ : 

Actmt-00112-SHNL ( 165ASP. ^'14) i: (5 |b] D ^ 5^ - > T vl§ f b L . 3lt<?>-r5 

[ 0 0 8 9 1 

iil_hco,^* J: ^) . 16 5S@^-r 5 ; 5 J mizU^^ titz^^^MlX Itm^'W. 

mhij-ht^-^fz. 
[ 0 0 9 0 1 

HI 1 0 lcSHNL<^H/X7E1i3H^7j^-t ( HI + # 1 6 5G 1 y . ^ a 2 1 Ly s ^ ^J^i" ) 

o SHNL li * t 5^" -7 — i: L T ft L . Wagne r <7)$g (Mechanism ot cyanogenes i s : the 
crystal structure of hydroxyni tr i I e lyase from Hevea brasilinsis Structure 1996 
Vol 4 No 7) ic J: tildr. 16 5GlyliD 3 * ( 1 6 2 - 1 7 3 ) i: Qf IftiS v ^ :^comJ^'r i Jm 



■^■#.^0 D3 ' ttSHNLfe^^M ^ Bf . ftli;^^SHNLt ; - 'i -v ^ 7^ A ( 1 5 - 2 8 

)isXZ/ ^ ^- h 2 (32-36) i:*S^-t^«talT*>^o G 1 y^As ^ fblc J; ^ . D3 ' 
cT^m^^^^. V ^XAfcJ;^/(9^-h2<?:> + <7>T5 ; ^^^^ ( 2 0Hi s. 21Lys. 23Lys 

[ 0 0 9 1 ] 

>y ^ 7sD3 ' (163-1/4) 1 6 5- 1/ 3 * T 7- 5 ^ i: . ^ 'J -v ^ 7. A<?^ 1 / -2 1 * T- 

xD3*<?>164)b-'bl69tTli. — og§ tciettT' 5 J mi^^UlM.^ tiT ^ „ 

mi 1 ^ ^ 1 izmm^m^LX . Sg^^PJ^ t Leul6niHis20i:KmLT*D . 
* /i: 1 7 2 . 1 7 3 4; L y s 2 3 ( T r p 1 7 . A 1 a 1 6 . A I a 3 5 ) <^jS:m\ztf1±-t^Ztt-'hi]^^rz. ^ ZX' 

> *D n *^-1r ^ i: ^' ^ ^ ti 2 3 > r X h a - A ^ 5g SI T ^ § i: © -b tl § 56 . S 

^ ^ -;^<?5 1 ; ^-<7>-s -v xAfjM^'Mv^ (o s ^.mmM<^mmizmm. ^ tiTv^ 

^ ) 1 6 3 . 1 6 7 liec^ L '^ij-o 
[ 0 0 9 2 ] 

1 . mm^'A 

QuickChange XL Site-Directed Mutagenesis Kit (STRATAGENESM) ^ 1^ T . SHNLil 
feT<^Leul6K Metl72. V a 1 1 7 3 ^ ^ tl f-" tl As p J; G 1 u ic gj^ L » i^v^T. ^tl^'tl^O 

as?:^3ifeT^^]5&^j 1 tmnizLx. pET2ia-<^' 9 -izm'f^'^. ±mmE. con bl2i (de 

a Buf f erlcSi^l® L . L c fife ^ _h vt <?> vl^ 'tt . H ^ U 9 y mm^k 

mi^Lfz. 

[ 0 0 9 3 ] 

9 y ^< ^ wmm. vi^ttfft. i:t'<^'\±i§.^mx.rz. mmm2isxu3\zLrzi}n^. ^^^m 

[ 0 0 9 4 ] 

2 . mm'^^M 

1 ) -^t > 7" ;K?5v|^'|4fft 

[^4] 





lSz>/<^7;im(mg/ml) 


StiM(U/ml) 


ht;S14(U/mg) 


QdginalSHNL 


7.74 


86.81 


11.21 


Actal-«)lf2-SHNL 


7.74 


85.68 


11.07 


172Asp 


4.89 


55.17 


11.29 


172G1U 


6.24 


59.59 


9.55 


173Asp 


4.91 


40.31 


8.21 


173GIU 


5.36 


46.9 


8.74 



[ 0 0 9 5 ] 

169ASP. Gluti. mm^^'\i.lti\^^^ y y >i tlBimi^H-X^h-:, fzt^^. fi;b->5riltl7. h u 7. 

m'\±^w\m-t ^m^. ^y y 'I ^<^nn 9 y ^< i^wi^^mmm t LxmB . ^f^^n- ^mmM 

iy^l^^-f ^Mat^^h^ o Ltzh^^X ±iec?:> ^ y ^ >i ~^ ^ ti^ ii^ t n ^ ^ y i3 u 
v^T-X^m.^. ^T(?>-^> 7°;u^>|^'|4fft28. 8 (U/mL) . tl:v$'l4ffi8. 2 1 (U/mg) . 9 y 



i^-iiS3.5 (nig/niL) x^imx.. 9 > ^ m<^^w^mm^<fj^ L 

Original SHNL<?>Me 1 1 7 2 . Va 1 1 7 3^ As pfc J: 1 uT- g}^ L T # tl /!: BSC^^^ . 0 

riginal SMlt it^Lxm L\-^mm^<^i&r-^^L fz ( EI 1 2 ) c 
[ 0 0 9 6 ] 

zcDmrn^"). ^^mmni fzUeAin. yzwii^ 2 -o^miiLit. i-^-fn^smi^mm'i^iz 

M ^ -b-^^m^^ ^ Z t t'Sn i)- t ^ fz. ^fz. Original SHNL^ L e u 1 6 9 ^ A s p *d J; 

uc\nxm.mLxmhiirz6c^mm^mL\-^'^&'^cDiSir^^^L tz. ^^(r^^^mnxsr, 

-5. Original SHNL (K^Ug-^ 1 ) <7>Leul69. Met 172. Va 1 1 7 3 li ^^ffi'l4<?> +tt t 5 ; 
[ 0 0 9 7 ] 

it^/S;b-\ Leul6K Metl72. V a 1 1 7 3 ti Pmi" § ft!l<^^fi«'l± "F 5 ^ i: cT) iE| tK ffl S ffl 
ic ^Jf L T v-^ § i: tl-S o 3z.#li3Hi;?^'^ tt. Leul6K Vall73t±t7— ^^^M^-c7^16 
9 . 1 7 3 ^1 Jrt}^ 1^ itJt L T ^ . Me 1 1 7 2 ti V >y X A i: |9 >■ - h 2 ^ ^1 S ff^ fiK "t § # ^ -y 
h t*i<7>1«3ilc*jQ**A ]A^Tn^^o c<?^#^>v M«3iliJ^*'tt-r 5 ;i&i:Alal6. Trpl7 
. Al a35<7>#ft'l4-r 5 ^ i&T^fiS^ ^ tiT -g, „ Me 1 1 7 2 C ti ^^ffitt t 5 ;i&i:<?>fflSft 
ffltc J: »9 IfWiiattlc^Jf LTv^fc i: "^ti^o lil ± J; . M -y X D3 ' ^Italic ^?&-t ^ 

5 ^ ^</)ti'l4^M]ifb-t ^ J: 7 tceSC'^-t ^ C i: SHNL^ IfWflitt ^ 1^ _h T § ^ qT i?* 

[ 0 0 9 8 ] 

_hai<?> i: . -V >y ^ XD3 ' ft!i;'J<?> SHNL t ^ >y xAfc ^71 ^ - V l<r) 

n^hm^nWi LTSHNL<7> 5^-^ ^-ff^/^^lc^-^t 7-2.0 >y ^ xD3 ' . >y 

XA. J: (9 >- - h 2;b*ff^^-t ^ # ^ >y h ^1«atl^<^S'l4liSHNL<?>^*vl§'tt (ifWMtt) ic 
ra-^ L T § 3 ^ tl/co L/--;b*oT. 3 tl <^ « IC ?^ ft -5 T 5 ^ Stt ^ 

MiifLi-^ 3 h ic J; 0 . SHNL^0j}iitta'|±^*^>g^ifinf'j4^f^_h^ i± ^ C i: ;b*T § ^ i: % ;c 

[ 0 0 9 9 ] 

HSfefJ 9 : BL21 (DE3)/pET2 1 a/SDl 73-1 e9<?5f¥M 

SHNL<?>-F5 )mun\um^<n-r ^ ; Va 1 Leutc L . ^ ti ib*SHNL<?) it M'tt ic 
if J; 7 ic i^#-t ^ ^7) ^ L ^ o 
[0100] 

1 . ^siiA 

^]5S15IJ 1 J; ^'^]5S#IJ 6 ic L . Qu i ckChange XL Site-Directed Mu t agenes i s kit 

(STRATAGENE) ^ ffl T 1 7 3S @ <?> t ^ ; Leulc gft L /cSHNL (Se^US-^ 1 6 ) ^HfM 

[0101] 

i: L T pET2 1 a/Or i g ina 1 SHNL 7' ^ 7. 5 H 1 0 ng ^ffl . Tie<7) :^ M i^'DNA^ 7" ^ 
Forward primer : 5 * -GGC GAA TAT GAA CTG GCA AAA ATG NNN ATG CGC AAG GGC TCT CTG- 

3 • (ie^ijs-^ 1 7 ) 

Reverse primer : 5 * -GAG AGA GGC CTT GGG CAT NNN CAT TTT TGC GAG TTC ATA TTC GGC- 
3 • (ie^iJS¥ 1 8 ) 
[0102] 

2 . W^n^M h T -y -b ^ 

UhrLrzmmmm'^mm^^lmm^m c < ^ -y h i^m<^^y t°^> h ^>ixi-iHo\iizr^ 
mmmL. LB (Amp) y V - h ±\zmhfirz^ r^i --^^xii umo) mi^t^mizmwLrz 

„ Cco}^®;«J; "9 X 5 H pET21a/SD173-lNNNMutants^i^M t . =i > > h -b ;b BL2 1 
-DE 3 (NovagenaW) ic ff^SKI^^ BL2 1 (DE3) /pET2 1 a/SD 1 7 3-1 NNNMu t an t st*^ fpfi^ L 



[0103] 

mWi<^m \ (DE3)/pET21 a/SD17 3-lNNNMutantst*^MMWT-i:g« L . ^ tl tl Ira 

ym+V ^} ^ ur< V -7 T - (pH 5.5 ) 2 0 0 M L-eS®;M L fz^. M^iI^*ffl)iae^6^fiT,fffl)ja^ 
me^Lf-o *HUaB^5^^^ 1 5 0 0 0 r pill. 5ra i ^ Til'll^ 5>» L . fiS ffl^ ^ f# „ C^IB 

0 CiO^lgm^Pta^tv^tt^* LTv^rcBL21 (DE3)/pET21a/SDl/3-le9ftll3 t^^Wtatt i: L T 

^ff o zrihm.m'i^<^mi^ ^ . BL21 (DE3)/pET21a/SD17 3-le9liJg*@e^iJ517-519S 
g<?>GTT (V) *nTG (L) iceSt^^ ti. 1 7 3S @ <^ > a ^ >- > tc tiTv^ ^zh i)^m 

ht-hti:^rz 5) o fl!l<?>3t*^^T 173Val^Leu<?>^Mt*T-^fe o fco 

[0104] 

^m#y 1 0 : BL21 (DE3)/pET21a/SD17 3-le9</)W,ta'l±i¥ffi 

BL21 (DE3)/pET21a/SD173-le9^Wlia'l4^0r iginal SHNLfc J= Ia^Ac tnitLo 1 0 0 1-[ 2 i: tbl^ L 
Tz. 

[0 1 0 5] 

1 . ^M^vS 

1 ) g^^M<^ilM 

^(liSBL21 (DE3)/pET21a/Original SHNL. BL2 1 (DE3)/pET2 1 a/Ac tnit-00 1 i 2-SHNL. BL21( 
DE3) /pET2 1 a/SD 1 7 3- 1 e 9 SHNL^ ^ tl tl LBtg±l!l5m 1 ^ ffl T 3 7°C T 1 2h±g« L <, f# tl 
i5«}*100M L^NS-2igi:l!l5raUcJiff L. I PTG^ ^^tin L T 2 0^ . 60hT-i:g«^^f o /Zio 
T^*g«}*^®'l>^^ L . lfflfla^[Hli|X L /co C<7>«H)ia^0. 2M^^ ^^i^Na bu f f e r (pH5. 5) ic 

m.^mz ^ ^ mm-^vk%\^rz. zcDV^Wik^^m't^^nx^. jivt^HiixLoriginai 

SHNL. Actmt-OOl f2-SHNLfe J; SD173-le9 SHNL@$ ^ m ^ t# » ± ge<^ > 7' ^ ^ ti ^• 
ti'^mnT >l % y JkU ^< V -7 -r -X' . (7) > 7" ;b ^>$ttfi 17. 6 (U/niL) . tb 

V$tefi4. 5 (U/rag) . ^ > ^'-il^3. 9 (mg/mL) TJTjx.. «$I ^ > M<?>i^#^^,l^^^;b- 
[0106] 

2 ) ^|fe}^<?5^nMi(fLSI 

Original SHNL. Ac tm t-0 0 1 f 2-SHNLS$ 2 0 0 m :x -v K ^i. 7 ^ ^ - 7' [c A tl . t 
- h [c J: @$^ilxSjbM5--7 0r i: >5r^ J; 7 ^nUAL/io 3 Ora i ic iS/Q^^^ L . 

> ^[gxR L . ^l?¥7$'tt^ilJ^L/c (mi 4) o 
[0107] 

^<?>M*. _hie-*t > 7';b^ff^lcfcv^T . ^^vl^tt)b»#ML/2/jniiaSltaOriginal SHNL 
t>HrCX^-orz(7^\zn\^ . SDI73-I SHNL^ J: DfActratLot001-f2T'li65rft]ffiT-^lS . Orig 
inal SHNLlchblS LT*'9 5°C<?>ifirfliattfS]_hij»a^ tlf::o lii _h *S * J: . SD173-1 SHNL 
. ActmtLot001-f2 i: la] ^ ifirf ^ * S C i: BH o » 

[0108] 

SHNL<7)173S@<7)T5^^Vaitt. ^ ^ -W^J^^\zis\^X . ^ ^ <7) ^ J - cd t ^ 
J m^i] tjOiBLXi^ ^ (5ki^[B]±<?^gig|;b^\^'34. 5:i-> h a- A) . Vai — Leu<?^gJ^tc 

[Mm±<^fiJffl^5Tlg'tt] 
[0109] 

*%BJ3<?>e$r'^^SHNLli. Original SHNL i: tbl^ L T Iflrfta'l4^^tlli§^it'l4tc fStl . )b^oO 
riginal SHNL t IB] tl^^^^^^^^ . ^^mmxyt^l^'liiy t J ^ \^ ') y ^^fi^X ^ ^ . ^fz 

. ^mH'^&cmmimiitiSi:^ ^hxmi^iznmxB ^fzdb. if]m^^j:m.m^^Mt}^^mx 

*>^o Lfzij^^X. *^HHcoaS(^MSHNLl±7t^>ll'tt^ -F ; t K > <7>X^ 95^^^^* i: 



[ 



[i 



Original SHNL Ac tmt-0 0 



■00 



[01 10] 

[mi] m lit. 

[02] m2lt. Original SHNL i: Ac tmt 

[133] ElSti. Original SHNL i: Ac tmt-0 0 

[134] III4li. Original SHNL i: Ac tmt-O 0 

[135] I35tt. Original SHNL i: Ac tint-O 0 
DS-PACElc Jc^^^^SS^^-f^STilo^o 

[13 6] i3 6ti. ktu\\[-u\\2-%mi<D^mm 

[137] I37li. Actrat-001 f2-SHNL<?5^ ^) ai L jxlt^lciDlt ^ jxlt^llt^ @ <^S-^> ^ 

[13 8 ] 13 8 tt. Ac tnit-00 1 f 2-SHNL<^l* ^ iM L ixlt^lc felt ^ > t ;b t K 
^^-t^^'^^^TiloS (A:jxl^;miigS^fem*^t*»)3ML[Hll&tcJ:^^ft:. B:Jx 

[13 9] [3 9ii. m^<^^^m.sMi<r^mmz^^mw^'it'W.<^^it^^-'t yx^^ 

13 1 0 li. SHNL<?>^)X7c1f at^^-t I3T*>^ (# : 165Gly. M : 21Lys^ 



f 2 - S H N L <7) Hfi ic -t ^ ^ ^ '14 ^ ® L 

[l-^MK^mPMrn^ y -7';!, <7)SDS-PAGE 

I l-'^Ml<r)1]Wp%Mi^ ^ y -7' )l CO 9 > ^ 

f 2 - S H N L <7> HI ic -f ^ ^ ^ '14 ^ it $S L 
f2-SHNL<7>;/]ntamiI-^> <7>S 
^IW'l4^^i-r^v-?Jb.g, (A::x57; 



[13 1 0 ] 

[13 1 1 ] 

4^ . # : @ 
[13 1 2 ] 



13 1 I \t. SHNL 
13 1 2 a . 



'14 -F 5 ; ^ ) o 



mm 
mm 



dinierc/>*S^g^fitc *Dlt^ -r 5 ^ i&ffiiJMSeg 13 ^ ^i" (13 
^@$^vl§'[4c7^'^ft:^^-t r ^ 7 T<fc§ » 

[13 1 3 ] 13 1 3 li. ^ ^ V ( Man i hot esculent a) is ^ U ^ u J ^ (Hevea 

br as i I i ens i s) i*SHNL<?:>7' 5 ; ^gfi^U^T ^ ^ y y h L fzmx ^ h . 

[13 1 4] 13 1 4 a. Original SHNL. Ac tmt-0 0 1 f 2-SHNL. SDl 73-1 e9<?>Mlc?ti- ^ 

7 'J - 7s h ] 
[0111] 

<?>Gly^AspTgm t /ceSC^MSHNL^ =i - K ^--5 DNA 
<?>Gly^AspT'gm t f::eSC^MSHNL 
<?>Gly^GluTgm t f::eSC^MSHNL^ =i - K S DNA 



5 - 165i 

6 - 165i 

7 - 165i 
8-165^ 



-^10- Axmm<r)mm 
^ 1 1 - Axmm<^Mm 
1 2 - AXie^ij<?>mBH 
1 3 - Axmm<^mm 

■^14- Axmm^mn 

1 5 - 173S<7)Val^LeuT 
1 6 - 1 /3S<7)Val^LeuT- 



7' ^ -7 — 

-7' y V — 

» L ;^eS?:'^MSHNL 



1 7 - AXSfi^iJ<^i^ 
1 8 - AIK^iJ<7>^ 



"7' ^ -i -7 — 



SEQUENCE LISTING 



<1 10> NIPPON SHOKUBAI CO. , LTD. 

Incorporated Administrative Agency. 

National Institute of Technology and Evaluation 

<120> Novel Thermostable S-Hydroxynitrile lyase 

<130> P04-0114 

<140> 
<141> 

<160> 18 

<170> Patentin Ver. 2. 1 

<210> 1 
<211> 111 
<212> DNA 

<213> Manihot esculenta 

< 2 2 0 > 

<223> Inventor: Ichige, Eita: Semba, Hisashi; Shijuku, Toshiaki: Harayaraa, Shige 
aki 

< 2 2 0 > 
<221> CDS 

< 2 2 2 > (1) . . (777) 

<400> 1 

a t g g 1 1 act g c a c a c 1 1 c g 1 1 c t g a 1 1 c a c a c c a 1 1 t g t c a c g g c g c a 48 

Met Val Thr Ala His Phe Val Leu lie His Thr lie Cys His Gly Ala 

15 10 15 



att tgg cac aaa ctg aaa cog gcc ctg gaa cgt get ggc cac aaa 96 

Trp Me Trp His Lys Leu Lys Pro Ala Leu Glu Arg Ala Gly His Lys 

20 25 30 

gtt act gca ctg gac atg gca gcc agt ggc att gac ccg cgt caa att 144 

Val Thr Ala Leu Asp Met Ala Ala Ser Gly lie Asp Pro Arg Gin lie 

35 40 45 

gaa c a g ate a a c t c t 1 1 c gat gaa t a c t c t gaa ccg ctg ctg act 1 1 c 192 

Glu Gin lie Asn Ser Phe Asp Glu Tyr Ser Glu Pro Leu Leu Thr Phe 

50 55 60 

ctg gaa aaa ctg ccg caa ggc gaa aag gtt ate att gtt ggt gaa age 240 

Leu Glu Lys Leu Pro Gin Gly Glu Lys Val lie Me Val Gly Glu Ser 



65 



7 



75 



80 



t g t g c a g g c c t g a a c a 1 1 get 
Cys Ala Gly Leu Asn Me Ala 

85 



a 1 1 get get gat e g t 



lie Ala Ala Asp Ar g Ty r 

90 



t a e g 1 1 
Val 



g a e a a a 
Asp L y s 
95 



a 1 1 g c a get g g c g 1 1 
lie Ala Ala Gly Val 
100 



1 1 c c a c a a c tee 
Phe His Asn Ser 
105 



e t g e t g e e g g a e 
Leu Leu Pro Asp 



a e e 
Thr 
110 



gtt 
Val 



e a e 
His 



age eeg tet tae aet gtt gaa aag etg etg gaa teg tte 
Ser Fro Ser Tyr Thr Val Glu Lys Leu Leu Glu Ser Phe 

115 120 125 



eeg g a e t g g 
Pro Asp T r p 



cgt gac aca gaa tat ttc aeg tte aee aae ate aet 
Arg Asp Thr Glu Tyr Phe Thr Phe Thr Asn Me Thr 
130 135 140 



g g e gaa aee ate 
Gly Glu Thr Me 



aet aee a t g a a a etg g g t 
Thr Thr Met Lys 



145 



Leu Gly 
150 



tte gtt etg etg e g t gaa aae etg tte aee 
Phe Val Leu Leu Arg Glu Asn Leu Phe Thr 

155 160 



a a a t g e aet gat g g e gaa tat 
Lys Cys Thr Asp Gly Glu Tyr 

165 



gaa etg g e a a a a a t g gtt a t g e g e aag 
Glu Leu Ala Lys Met Val Met Arg Lys 

170 175 



gge tet etg tte eaa aae gtt etg get eag egt eeg aag tte aet gaa 
Gly Ser Leu Phe Gin Asn Val Leu Ala Gin Arg Pro Lys Phe Thr Glu 
180 185 190 



a a a gge tae gge tet 
Lys Gly Tyr Gly Ser 

195 



ate aag a a a gtt 
Me Lys Lys Val 
200 



tat a 1 1 t g g ace gat c a a g a e 
Tyr Me Trp Thr Asp Gin Asp 
205 



a a a a t a tte etg eeg g a e tte 
Lys Me Phe Leu Pro Asp Phe 

210 215 



eaa e g e t g g eaa 
Gin Arg Trp Gin 



att 
Me 

220 



g e a aae tae a a a 
Ala Asn Tyr Lys 



eeg g a e 
Pro Asp 

225 



a a g 
L y s 



1 1 tat eag gtt eaa gge 
Va 



Va 



Tyr Gin 

230 



gge gat e a e aag etg eag etg 
Gin Gly Gly Asp His Lys Leu Gin Leu 
235 240 



a e a a a a 
Thr Lys 



a e t 
Thr 



gaa gaa 
Glu Glu 

245 



g t a get e a e 
Val Ala His 



att etg eaa gaa gtt get gat g e a 
Gin Glu Val Ala Asp Ala 



1 1 e 



L e u 
250 



255 



tae get t a a 
Tyr Ala 



<210> 2 
<211> 258 
<212> PRT 

<213> Manihot esculenta 

<400> 2 

Met Val Thr Ala His Phe Val Leu lie His Thr lie Cys His Gly Ala 

15 10 15 

Trp Me Trp His Lys Leu Lys Pro Ala Leu Glu Arg Ala Gly His Lys 

20 25 30 

Val Thr Ala Leu Asp Met Ala Ala Ser Gly lie Asp Pro Arg Gin lie 

35 40 45 

Glu Gin lie Asn Ser Phe Asp Glu Tyr Ser Glu Pro Leu Leu Thr Phe 

50 55 60 

Leu Glu Lys Leu Pro Gin Gly Glu Lys Val lie lie Val Gly Glu Ser 
65 70 75 80 

Cys Ala Gly Leu Asn lie Ala lie Ala Ala Asp Arg Tyr Val Asp Lys 

85 90 95 

lie Ala Ala Gly Val Phe His Asn Ser Leu Leu Pro Asp Thr Val His 

100 105 110 

Ser Pro Ser Tyr Thr Val Glu Lys Leu Leu Glu Ser Phe Pro Asp Trp 

115 120 125 

Arg Asp Thr Glu Tyr Phe Thr Phe Thr Asn lie Thr Gly Glu Thr lie 

130 135 140 

Thr Thr Met Lys Leu Gly Phe Val Leu Leu Arg Glu Asn Leu Phe Thr 
145 150 155 160 

Lys Cys Thr Asp Gly Glu Tyr Glu Leu Ala Lys Met Val Met Arg Lys 

165 170 175 

Gly Ser Leu Phe Gin Asn Val Leu Ala Gin Arg Pro Lys Phe Thr Glu 

180 185 190 

Lys Gly Tyr Gly Ser lie Lys Lys Val Tyr lie Trp Thr Asp Gin Asp 

195 200 205 

Lys lie Phe Leu Pro Asp Phe Gin Arg Trp Gin lie Ala Asn Tyr Lys 

210 215 220 

Pro Asp Lys Val Tyr Gin Val Gin Gly Gly Asp His Lys Leu Gin Leu 
225 230 235 240 

Thr Lys Thr Glu Glu Val Ala His lie Leu Gin Glu Val Ala Asp Ala 



245 250 255 



Tyr Ala 



<210> 3 

<2 Il> 774 

<212> DNA 

<213> Hevea brasiliensis 

< 2 2 0 > 
<221> CDS 

< 2 2 2 > ( 1 ) . . ( 7 7 4 ) 



<400> 3 

atg gca ttc get cat ttt gtt ctt att cat acc ata tgc cac ggt gca 48 

Met Ala Phe Ala His Phe Val Leu He His Thr lie Cys His Gly Ala 

15 10 15 

t g g att t g g cac a a g etc a a a c c c etc ctt gag gca ctt g g e cac a a g H 

Trp lie Trp His Lys Leu Lys Pro Leu Leu Glu Ala Leu Gly His Lys 

20 25 30 

gtt act gca ctg gac ctt gca gca age ggc gtt gac cca agg caa att 144 

Val Thr Ala Leu Asp Leu Ala Ala Ser Gly Val Asp Pro Arg Gin lie 

35 40 45 

gag gag att ggc tea ttt gat gag tat tet gaa cec ttg ttg aeg ttc 192 

Glu Glu Me Gly Ser Phe Asp Glu Tyr Ser Glu Pro Leu Leu Thr Phe 

50 55 60 

ttg gag gca etc cct cca ggg gaa aag gtg att ctg gtt ggc gag age 240 

Leu Glu Ala Leu Pro Pro Gly Glu Lys Val lie Leu Val Gly Glu Ser 

65 70 75 80 

tgt gga gga etc aat ata gca att get get gat aaa tac tgt gaa aag 288 

Cys Gly Gly Leu Asn Me Ala Me Ala Ala Asp Lys Tyr Cys Glu Lys 

85 90 95 

att gca get get gtt ttc cac aat tea gta ttg cca gac ace gag cac 336 

Me Ala Ala Ala Val Phe His Asn Ser Val Leu Pro Asp Thr Glu His 

100 105 110 

tgc cca tet tac g t c gtg gat aag etc atg gag gtg ttt cec gac t g g 384 

Cys Pro Ser Tyr Val Val Asp Lys Leu Met Glu Val Phe Pro Asp Trp 

115 120 125 

aaa gac acc acg tat ttt acg tac act aaa gat ggc aag gag ata act 432 

Lys Asp Thr Thr Tyr Phe Thr Tyr Thr Lys Asp Gly Lys Glu Me Thr 

130 135 140 

gga ttg aaa ctg ggc ttc acg ctt ctg agg gaa aat tta tat acc ctt 480 

Gly Leu Lys Leu Gly Phe Thr Leu Leu Arg Glu Asn Leu Tyr Thr Leu 

145 150 155 160 

tgc ggt cct gag gaa tat gaa ctg gcg aag atg ttg aca agg aag gga 528 

Cys Gly Pro Glu Glu Tyr Glu Leu Ala Lys Met Leu Thr Arg Lys Gly 

165 170 175 

tea tta ttt caa aat att tta get aag ega cca ttc ttc act aag gaa 576 

Ser Leu Phe Gin Asn Me Leu Ala Lys Arg Pro Phe Phe Thr Lys Glu 

180 185 190 



ggt tac gga teg att aag aaa att tat gtg tgg acc gac caa gac gaa 624 

Gly Tyr Gly Ser lie Lys Lys lie Tyr Val Trp Thr Asp Gin Asp Glu 
195 200 205 

ata ttt tta cct gaa ttt caa etc tgg caa ata gaa aac tat aaa cca 672 

lie Phe Leu Pro Glu Phe Gin Leu Trp Gin lie Glu Asn Tyr Lys Pro 

210 215 220 

gac aag gtt tat aag gtc gaa ggt gga gat cat aaa ttg cag ctt aca 720 

Asp Lys Val Tyr Lys Val Glu Gly Gly Asp His Lys Leu Gin Leu Thr 

225 230 235 240 

aag act aag gag ate get gaa att etc caa gag gtg get gat acc tat 768 

Lys Thr Lys Glu lie Ala Glu lie Leu Gin Glu Val Ala Asp Thr Tyr 
245 250 255 

a a t t g a 7 7 4 

Asn 



<210> 4 
<211> 257 
<212> PRT 

<213> Hevea brasiliensis 

<400> 4 

Met Ala Phe Ala His Phe Val Leu lie His Thr lie Cys His Gly Ala 

15 10 15 

Trp Me Trp His Lys Leu Lys Pro Leu Leu Glu Ala Leu Gly His Lys 

20 25 30 

Val Thr Ala Leu Asp Leu Ala Ala Ser Gly Val Asp Pro Arg Gin lie 

35 40 45 

Glu Glu lie Gly Ser Phe Asp Glu Tyr Ser Glu Pro Leu Leu Thr Phe 

50 55 60 

Leu Glu Ala Leu Pro Pro Gly Glu Lys Val lie Leu Val Gly Glu Ser 
65 70 75 80 

Cys Gly Gly Leu Asn lie Ala lie Ala Ala Asp Lys Tyr Cys Glu Lys 

85 90 95 

lie Ala Ala Ala Val Phe His Asn Ser Val Leu Pro Asp Thr Glu His 

100 105 110 

Cys Pro Ser Tyr Val Val Asp Lys Leu Met Glu Val Phe Pro Asp Trp 

115 120 125 

Lys Asp Thr Thr Tyr Phe Thr Tyr Thr Lys Asp Gly Lys Glu Me Thr 

13 0 13 5 14 0 

Gly Leu Lys Leu Gly Phe Thr Leu Leu Arg Glu Asn Leu Tyr Thr Leu 
145 150 155 160 

Cys Gly Pro Glu Glu Tyr Glu Leu Ala Lys Met Leu Thr Arg Lys Gly 

165 170 175 

Ser Leu Phe Gin Asn lie Leu Ala Lys Arg Pro Phe Phe Thr Lys Glu 
180 185 190 



Gly Tyr Gly Ser lie Lys Lys lie Tyr Val Trp Thr Asp Gin Asp Glu 

195 200 205 

Me Phe Leu Pro Glu Phe Gin Leu Trp Gin lie Glu Asn Tyr Lys Pro 

210 215 220 

Asp Lys Val Tyr Lys Val Glu Gly Gly Asp His Lys Leu Gin Leu Thr 



225 



Asn 



2: 



235 



245 



250 



255 



240 



Lys Thr Lys Glu lie Ala Glu lie Leu Gin Glu Val Ala Asp Thr Tyr 



<210> 5 
<211> III 
<212> DNA 

<213> Manihot esculenta 

< 2 2 0 > 

<223> cDNA coding lor Modilied SHNL involving 

a replacement ol Gly by Asp at position 165 

< 2 2 0 > 
<221> CDS 

< 2 2 2 > (1) . . (777) 

<400> 5 

atg gtt act gca cac ttc gtt ctg att cac acc att tgt cac ggc gca 

Met Val Thr Ala His Phe Val Leu lie His Thr lie Cys His Gly Ala 

15 10 15 



att t g g cac a a a ctg a a a c c g g c c ctg g a a c g t get ggc cac a a a 96 

Trp Me Trp His Lys Leu Lys Pro Ala Leu Glu Arg Ala Gly His Lys 

20 25 30 

gtt act gca ctg gac atg gca gcc agt ggc att gac ccg cgt caa att 144 

Val Thr Ala Leu Asp Met Ala Ala Ser Gly Me Asp Pro Arg Gin Me 

35 40 45 

gaa cag ate aac tet ttc gat gaa tac tet gaa ccg ctg ctg act ttc 192 

Glu Gin Me Asn Ser Phe Asp Glu Tyr Ser Glu Pro Leu Leu Thr Phe 

50 55 60 

ctg gaa aaa ctg ccg caa ggc gaa aag gtt ate att gtt ggt gaa age 240 

Leu Glu Lys Leu Pro Gin Gly Glu Lys Val Me Me Val Gly Glu Ser 

65 70 75 80 

tgt gca ggc ctg aac att get att get get gat cgt tac gtt gac aaa 2U 

Cys Ala Gly Leu Asn Me Ala Me Ala Ala Asp Arg Tyr Val Asp Lys 

85 90 95 



att gca get ggc git ttc cac aac tec ctg ctg ccg gac acc gtt cac 336 

lie Ala Ala Gly Val Phe His Asn Ser Leu Leu Pro Asp Thr Val His 

100 105 110 

age ccg tct tac act gtt gaa aag ctg ctg gaa teg ttc ccg gac tgg 384 

Ser Pro Ser Tyr Thr Val Glu Lys Leu Leu Glu Ser Phe Pro Asp Trp 

115 120 125 

cgt gac aca gaa tat ttc acg ttc acc aac ate act ggc gaa acc ate 432 

Arg Asp Thr Glu Tyr Phe Thr Phe Thr Asn Me Thr Gly Glu Thr lie 

130 135 140 

act acc atg aaa ctg ggt ttc gtt ctg ctg cgt gaa aac ctg ttc acc 480 

Thr Thr Met Lys Leu Gly Phe Val Leu Leu Arg Glu Asn Leu Phe Thr 

145 150 155 160 

aaa tgc act gat gac gaa tat gaa ctg gca aaa atg gtt atg cgc aag 528 

Lys Cys Thr Asp Asp Glu Tyr Glu Leu Ala Lys Met Val Met Arg Lys 

165 170 175 

ggc tct ctg ttc caa aac gtt ctg get cag cgt ccg aag ttc act gaa 576 

Gly Ser Leu Phe Gin Asn Val Leu Ala Gin Arg Pro Lys Phe Thr Glu 

180 185 190 

aaa ggc tac ggc tct ate aag aaa gtt tat att tgg ace gat caa gac 624 

Lys Gly Tyr Gly Ser lie Lys Lys Val Tyr lie Trp Thr Asp Gin Asp 

195 200 205 

aaa ata ttc ctg ccg gac ttc caa cgc tgg caa att gca aac tac aaa 672 

Lys lie Phe Leu Pro Asp Phe Gin Arg Trp Gin lie Ala Asn Tyr Lys 

210 215 220 

ccg gac aag gtt tat cag gtt caa ggc ggc gat cac aag ctg cag ctg 720 

Pro Asp Lys Val Tyr Gin Val Gin Gly Gly Asp His Lys Leu Gin Leu 

225 230 235 240 

aca aaa act gaa gaa gta get cac att ctg caa gaa gtt get gat gca 768 

Thr Lys Thr Glu Glu Val Ala His lie Leu Gin Glu Val Ala Asp Ala 

245 250 255 

t a c g e t t a a 7 7 7 

Tyr Ala 



<210> 6 

<211> 258 

<212> PRT 

<213> Manihot esculenta 



< 2 2 0 > 



< 2 2 3 > Modi f 
a rep 



i 
1 



ed SHNL 
a c e 111 e n t 



involving 

of Gly by Asp at position 165 



<400> 6 

Met Val Thr Ala His Phe Val Leu lie His Thr Me Cys His Gly Ala 

15 10 15 

Trp lie Trp His Lys Leu Lys Pro Ala Leu Glu Arg Ala Gly His Lys 

20 25 30 

Val Thr Ala Leu Asp Met Ala Ala Ser Gly lie Asp Pro Arg Gin lie 

35 40 45 

Glu Gin lie Asn Ser Phe Asp Glu Tyr Ser Glu Pro Leu Leu Thr Phe 

50 55 60 

Leu Glu Lys Leu Pro Gin Gly Glu Lys Val lie lie Val Gly Glu Ser 
65 70 75 80 

Cys Ala Gly Leu Asn lie Ala lie Ala Ala Asp Arg Tyr Val Asp Lys 

85 90 95 

Me Ala Ala Gly Val Phe His Asn Ser Leu Leu Pro Asp Thr Val His 

100 105 110 

Ser Pro Ser Tyr Thr Val Glu Lys Leu Leu Glu Ser Phe Pro Asp Trp 

115 120 125 

Arg Asp Thr Glu Tyr Phe Thr Phe Thr Asn Me Thr Gly Glu Thr lie 

130 135 140 

Thr Thr Met Lys Leu Gly Phe Val Leu Leu Arg Glu Asn Leu Phe Thr 
145 150 155 160 

Lys Cys Thr Asp Asp Glu Tyr Glu Leu Ala Lys Met Val Met Arg Lys 

165 170 175 

Gly Ser Leu Phe Gin Asn Val Leu Ala Gin Arg Pro Lys Phe Thr Glu 

180 185 190 

Lys Gly Tyr Gly Ser lie Lys Lys Val Tyr Me Trp Thr Asp Gin Asp 

195 200 205 

Lys Me Phe Leu Pro Asp Phe Gin Arg Trp Gin Me Ala Asn Tyr Lys 

210 215 220 

Pro Asp Lys Val Tyr Gin Val Gin Gly Gly Asp His Lys Leu Gin Leu 
225 230 235 240 

Thr Lys Thr Glu Glu Val Ala His Me Leu Gin Glu Val Ala Asp Ala 



245 250 255 



Tyr Ala 



<210> 7 

<211> 777 

<212> DNA 

<213> Manihot esculenta 

< 2 2 0 > 
<221> CDS 

< 2 2 2 > ( 1 ) . . ( 7 7 7 ) 

< 2 2 0 > 



<223> cDNA coding for Modified SHNL involving 

a replacement of Gly by Glu at position 165 



<400> 7 

atg gtt act gca cac ttc gtt ctg att cac acc att tgt cac ggc gca 48 

Met Val Thr Ala His Phe Val Leu lie His Thr He Cys His Gly Ala 

15 10 15 

tgg att tgg cac aaa ctg aaa ccg gcc ctg gaa cgt get ggc cac aaa 96 

Trp lie Trp His Lys Leu Lys Pro Ala Leu Glu Arg Ala Gly His Lys 

20 25 30 

gtt act gca ctg gac atg gca gcc agt ggc att gac ccg cgt caa att 144 

Val Thr Ala Leu Asp Met Ala Ala Ser Gly He Asp Fro Arg Gin He 

35 40 45 

gaa cag ate aac tct ttc gat gaa tac tct gaa ccg ctg ctg act ttc 192 

Glu Gin He Asn Ser Phe Asp Glu Tyr Ser Glu Pro Leu Leu Thr Phe 

50 55 60 

ctg gaa aaa ctg ccg caa ggc gaa aag gtt ate att gtt ggt gaa age 240 

Leu Glu Lys Leu Pro Gin Gly Glu Lys Val He He Val Gly Glu Ser 

65 70 75 80 

tgt gca ggc ctg aac att get att get get gat cgt tac gtt gac aaa 288 

Cys Ala Gly Leu Asn He Ala He Ala Ala Asp Arg Tyr Val Asp Lys 

85 90 95 

att gca get ggc gtt ttc cac aac tee ctg ctg ccg gac ace gtt cac 336 

He Ala Ala Gly Val Phe His Asn Ser Leu Leu Pro Asp Thr Val His 

100 105 110 

age ccg tct tac act gtt gaa aag ctg ctg gaa teg ttc ccg gac tgg 384 

Ser Fro Ser Tyr Thr Val Glu Lys Leu Leu Glu Ser Fhe Fro Asp Trp 

115 120 125 

cgt gac aea gaa tat ttc aeg ttc ace aac ate act ggc gaa ace ate 432 

Arg Asp Thr Glu Tyr Phe Thr Phe Thr Asn He Thr Gly Glu Thr He 

130 135 140 

act acc atg aaa ctg ggt ttc gtt ctg ctg cgt gaa aac ctg ttc acc 480 

Thr Thr Met Lys Leu Gly Phe Val Leu Leu Arg Glu Asn Leu Phe Thr 

145 150 155 160 

aaa tgc act gat gaa gaa tat gaa ctg gca aaa atg gtt atg cgc aag 528 

Lys Cys Thr Asp Glu Glu Tyr Glu Leu Ala Lys Met Val Met Arg Lys 

165 170 175 

ggc tct ctg ttc caa aac gtt ctg get cag cgt ccg aag ttc act gaa 576 

Gly Ser Leu Phe Gin Asn Val Leu Ala Gin Arg Pro Lys Phe Thr Glu 



180 185 190 

aaa ggc tac ggc tct ate aag aaa gtt tat att tgg acc gat caa gac 624 

Lys Gly Tyr Gly Ser lie Lys Lys Val Tyr lie Trp Thr Asp Gin Asp 

195 200 205 

aaa a t a 1 1 c c t g c c g gac 1 1 c caa c g c tgg caa att g c a a a c tac aaa 6/2 

Lys lie Phe Leu Pro Asp Phe Gin Arg Trp Gin lie Ala Asn Tyr Lys 
210 215 220 

ccg gac aag gtt tat cag gtt caa ggc ggc gat cac aag ctg cag ctg 720 

Pro Asp Lys Val Tyr Gin Val Gin Gly Gly Asp His Lys Leu Gin Leu 

225 230 235 240 

aca aaa act gaa gaa gta get cac att ctg caa gaa gtt get gat gca 768 

Thr Lys Thr Glu Glu Val Ala His lie Leu Gin Glu Val Ala Asp Ala 
245 250 255 

t a c g c t t a a 7 7 7 

Tyr Ala 



<210> 8 

<211> 258 

<212> PRT 

<213> Manihot esculenta 

< 2 2 0 > 

< 2 2 3 > Modi tied SHNL involving 

a replacement ol Gly by Glu at position 165 

<400> 8 

Met Val Thr Ala His Phe Val Leu lie His Thr lie Cys His Gly Ala 

15 10 15 

Trp Me Trp His Lys Leu Lys Pro Ala Leu Glu Arg Ala Gly His Lys 

20 25 30 

Val Thr Ala Leu Asp Met Ala Ala Ser Gly lie Asp Pro Arg Gin lie 

35 40 45 

Glu Gin lie Asn Ser Phe Asp Glu Tyr Ser Glu Pro Leu Leu Thr Phe 

50 55 60 

Leu Glu Lys Leu Pro Gin Gly Glu Lys Val lie lie Val Gly Glu Ser 
65 70 75 80 

Cys Ala Gly Leu Asn lie Ala lie Ala Ala Asp Arg Tyr Val Asp Lys 

8 5 9 0 9 5 

lie Ala Ala Gly Val Phe His Asn Ser Leu Leu Pro Asp Thr Val His 

100 105 110 

Ser Pro Ser Tyr Thr Val Glu Lys Leu Leu Glu Ser Phe Pro Asp Trp 

115 120 125 

Arg Asp Thr Glu Tyr Phe Thr Phe Thr Asn lie Thr Gly Glu Thr lie 
130 135 140 



Thr Thr Met Lys Leu Gly Phe Val Leu Leu Arg Glu Asn Leu Phe Thr 



145 



225 



150 



155 



165 



170 



175 



180 



185 



90 



195 



200 



205 



210 



215 



220 



2. 



235 



245 



Ty r Ala 



250 



255 



160 



Lys Cys Thr Asp Glu Glu Tyr Glu Leu Ala Lys Met Val Met Arg Lys 



Gly Ser Leu Phe Gin Asn Val Leu Ala Gin Arg Pro Lys Phe Thr Glu 



Lys Gly Tyr Gly Ser lie Lys Lys Val Tyr lie Trp Thr Asp Gin Asp 



Lys Me Phe Leu Pro Asp Phe Gin Arg Trp Gin lie Ala Asn Tyr Lys 



Pro Asp Lys Val Tyr Gin Val Gin Gly Gly Asp His Lys Leu Gin Leu 



240 



Thr Lys Thr Glu Glu Val Ala His lie Leu Gin Glu Val Ala Asp Ala 



<210> 9 

<211> 39 

<212> DNA 

<213> Artificial Sequence 
< 2 2 0 > 

<223> Description of Artificial Sequence : pr iraer 

<400> 9 

ggggaattca tggttactgc acacttcgtt ctgattcac 



<210> 10 

<211> 39 

<212> DNA 

<213> Artificial Sequence 
< 2 2 0 > 

<223> Description of Artificial Sequence : pr iraer 

<400> 10 

gggaagcttt taagcgtatg catcagcaac ttcttgcag 



<210> 11 

<211> 44 

<212> DNA 

<213> Artificial Sequence 



< 2 2 0 > 

<223> Description of Artificial Sequence : pr imer 



< 4 0 0 > 



gggc atatggttac tgcacacttc gttctgattc acac 



44 



<210> 12 

<21 1> 39 

<212> DNA 

<213> Artiiicial Sequence 
< 2 2 0 > 

<223> Description of Artificial Sequence : pr iraer 

<400> 12 

gggggatcct taagcgtatg catcagcaac ttcttgcag 39 



<210> 13 

<211> 54 

<212> DNA 

<213> Artificial Sequence 
< 2 2 0 > 

<223> Description of Artificial Sequence : pr imer 



<210> 14 

<211> 54 

<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

<223> Description of Artificial Sequence : pr imer 

<400> 14 

catttttgcc agttcatatt cttcatcagt gcatttggtg aacaggtttt cacg 54 



<210> 15 

<211> 111 

<212> DNA 

<213> Manihot esculenta 

< 2 2 0 > 
<221> CDS 

< 2 2 2 > (1) . . (/ 77) 



< 4 0 0 > 
c g t g a a 



13 

aacc tgttcaccaa atgcactgat gaagaatatg aactggcaaa aatg 



54 



< 2 2 0 > 



<223> cDNA coding for Modified SHNL involving 

a replacement of Val by Leu at position 1/3 



<400> 15 

atg gtt act gca cac ttc gtt ctg att cac acc att tgt cac ggc gca 48 

Met Val Thr Ala His Phe Val Leu lie His Thr lie Cys His Gly Ala 

15 10 15 

tgg att tgg cac aaa ctg aaa ccg gcc ctg gaa cgt get ggc cac aaa 96 

Trp lie Trp His Lys Leu Lys Pro Ala Leu Glu Arg Ala Gly His Lys 

20 25 30 

gtt act gca ctg gac atg gca gcc agt ggc att gac ccg cgt caa att 144 

Val Thr Ala Leu Asp Met Ala Ala Ser Gly He Asp Fro Arg Gin lie 

35 40 45 

gaa cag ate aac tct ttc gat gaa tac tct gaa ccg ctg ctg act ttc 192 

Glu Gin lie Asn Ser Phe Asp Glu Tyr Ser Glu Pro Leu Leu Thr Phe 

50 55 60 

ctg gaa aaa ctg ccg caa ggc gaa aag gtt ate att gtt ggt gaa age 240 

Leu Glu Lys Leu Pro Gin Gly Glu Lys Val Me lie Val Gly Glu Ser 

65 70 75 80 

tgt gca ggc ctg aac att get att get get gat cgt tac gtt gac aaa 288 

Cys Ala Gly Leu Asn lie Ala lie Ala Ala Asp Arg Tyr Val Asp Lys 

85 90 95 

att gca get ggc gtt ttc cac aac tee ctg ctg ccg gac ace gtt cac 336 

lie Ala Ala Gly Val Phe His Asn Ser Leu Leu Pro Asp Thr Val His 

100 105 110 

age ccg tct tac act gtt gaa aag ctg ctg gaa teg ttc ccg gac tgg 384 

Ser Fro Ser Tyr Thr Val Glu Lys Leu Leu Glu Ser Fhe Fro Asp Trp 

115 120 125 

cgt gac aea gaa tat ttc aeg ttc ace aac ate act ggc gaa ace ate 432 

Arg Asp Thr Glu Tyr Phe Thr Phe Thr Asn Me Thr Gly Glu Thr lie 

130 135 140 

act acc atg aaa ctg ggt ttc gtt ctg ctg cgt gaa aac ctg ttc acc 480 

Thr Thr Met Lys Leu Gly Phe Val Leu Leu Arg Glu Asn Leu Phe Thr 

145 150 155 160 

aaa tgc act gat ggc gaa tat gaa ctg gca aaa atg ctg atg cgc aag 528 

Lys Cys Thr Asp Gly Glu Tyr Glu Leu Ala Lys Met Leu Met Arg Lys 

165 170 175 

ggc tct ctg ttc caa aac gtt ctg get cag cgt ccg aag ttc act gaa 576 

Gly Ser Leu Phe Gin Asn Val Leu Ala Gin Arg Pro Lys Phe Thr Glu 



180 185 190 

aaa ggc tac ggc tct ate aag aaa gtt tat att tgg acc gat caa gac 624 

Lys Gly Tyr Gly Ser lie Lys Lys Val Tyr lie Trp Thr Asp Gin Asp 

195 200 205 

aaa a t a 1 1 c c t g c c g gac 1 1 c caa c g c tgg caa att g c a a a c tac aaa 6/2 

Lys lie Phe Leu Pro Asp Phe Gin Arg Trp Gin lie Ala Asn Tyr Lys 
210 215 220 

ccg gac aag gtt tat cag gtt caa ggc ggc gat cac aag ctg cag ctg 720 

Pro Asp Lys Val Tyr Gin Val Gin Gly Gly Asp His Lys Leu Gin Leu 

225 230 235 240 

aca aaa act gaa gaa gta get cac att ctg caa gaa gtt get gat gca 768 

Thr Lys Thr Glu Glu Val Ala His lie Leu Gin Glu Val Ala Asp Ala 
245 250 255 

t a c g c t t a a 7 7 7 

Tyr Ala 



<210> 16 

<211> 258 

<212> PRT 

<213> Manihot esculenta 

< 2 2 0 > 

< 2 2 3 > Modi lied SHNL involving 

a replacement ol Val by Leu at position 173 

<400> 16 

Met Val Thr Ala His Phe Val Leu lie His Thr lie Cys His Gly Ala 

15 10 15 

Trp Me Trp His Lys Leu Lys Pro Ala Leu Glu Arg Ala Gly His Lys 

20 25 30 

Val Thr Ala Leu Asp Met Ala Ala Ser Gly lie Asp Pro Arg Gin lie 

35 40 45 

Glu Gin lie Asn Ser Phe Asp Glu Tyr Ser Glu Pro Leu Leu Thr Phe 

50 55 60 

Leu Glu Lys Leu Pro Gin Gly Glu Lys Val lie lie Val Gly Glu Ser 
65 70 75 80 

Cys Ala Gly Leu Asn lie Ala lie Ala Ala Asp Arg Tyr Val Asp Lys 

8 5 9 0 9 5 

lie Ala Ala Gly Val Phe His Asn Ser Leu Leu Pro Asp Thr Val His 

100 105 110 

Ser Pro Ser Tyr Thr Val Glu Lys Leu Leu Glu Ser Phe Pro Asp Trp 

115 120 125 

Arg Asp Thr Glu Tyr Phe Thr Phe Thr Asn lie Thr Gly Glu Thr lie 
130 135 140 



Thr Thr Met Lys Leu Gly Phe Val Leu Leu Arg Glu Asn Leu Phe Thr 



145 



225 



150 



155 



165 



170 



175 



180 



185 



90 



195 



200 



205 



210 



215 



220 



2. 



235 



245 



250 



255 



Ty r Ala 



160 



Lys Cys Thr Asp Gly Glu Tyr Glu Leu Ala Lys Met Leu Met Arg Lys 



Gly Ser Leu Phe Gin Asn Val Leu Ala Gin Arg Pro Lys Phe Thr Glu 



Lys Gly Tyr Gly Ser lie Lys Lys Val Tyr lie Trp Thr Asp Gin Asp 



Lys Me Phe Leu Pro Asp Phe Gin Arg Trp Gin lie Ala Asn Tyr Lys 



Pro Asp Lys Val Tyr Gin Val Gin Gly Gly Asp His Lys Leu Gin Leu 



240 



Thr Lys Thr Glu Glu Val Ala His lie Leu Gin Glu Val Ala Asp Ala 



<210> 17 

<211> 45 

<212> DNA 

<213> Artificial Sequence 
< 2 2 0 > 

<223> Description of Artificial Sequence : pr iraer 

<400> 17 

ggcgaatatg aactggcaaa aatgnnnatg cgcaagggct ctct 



<210> 18 

<2 11> 4 5 

<212> DNA 

<213> Artificial Sequence 
< 2 2 0 > 

<223> Description of Artificial Sequence : pr iraer 



<400> 18 

cagagagccc ttgcgcatnn ncatttttgc cagttcatat tcgcc 
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